We argue that storage rings can be used for the detection of low-frequency gravitational-wave background. Proceeding from the measurements by Schin Daté and Noritaka Kumagai (Nucl.
The existence of gravitational waves has been predicted by Einstein's general theory of relativity [1] [2] [3] . Starting with the pioneering work by Weber [4] one of the most challenging problems of experimental physics is the detection of gravitational radiation. In the seventies of the last century the existence of gravitational waves has been confirmed indirectly in a set of accurate measurements of secular orbital period changes in the HulseTaylor binary pulsar [5] . An attempt for the observation of the cosmic gravitational-wave background has been undertaken by Stinebring, Ryba and Taylor [6] .
An interesting influence of gravity on the parameters of storage rings of the Large Electron Positron Collider (LEP) at CERN and SPring-8 in Japan has been found by Arnaudon et al. [7] and Daté and Kumagai [8] , and Takao and Shimada [9] , respectively. Below we will discuss only the measurements for the SPring-8 storage ring [8, 9] , though our results should be applicable also to other storage rings.
In the analysis of the influence of gravity on the SPring-8 electron storage ring Daté, Kumagai, Takao and Shimada have considered the changes of the machine circumference C 0 = 1435.948 m in dependence of gravitational coupling of the storage ring to the Moon and the Sun. According to [8, 9] the change ∆C of the reference value of the machine circumference is defined by the gravitational interaction of the electron storage ring with the Moon and the Sun due to the tidal and seasonal forces.
The theoretical predictions for ∆C caused by the tidal and seasonal forces have been fully confirmed experimentally [8, 9] . Nevertheless, measuring changes ∆C there has been found a systematic shrinkage of the machine circumference with the rate about 2 × 10 −4 m/yr [9] , which cannot be explained by the tidal and seasonal forces induced by the Moon and the Sun. In this letter we try to explain this phenomenon as an influence of a cosmic very low-frequency gravitational-wave background.
It is well-known that on the Earth one of the main fundamental effects of gravitational waves is a gravitational strain : a fractional distortion in the length of the object induced by the gravitational field [3] .
In this connection we assume that the change of ∆C is sensitive to the influence of gravitational waves, which produce a variation δC gw (t) of the machine circumference C 0 . Following [1] [2] [3] we treat gravitational waves as a perturbation of the metric [1] [2] [3] .
For the calculation of δC gw (t) we define a perturbation of the metric h ab (t, z) (a, b = x, y, z) as a monochromatic plane wave traveling along the z-axis with frequency ω and
where ∆ + and ∆ × are constant amplitudes of the diagonal and non-diagonal components of the gravitational wave, h tt (t, z) = h ta (t, z) = h at (t, z) = 0 [1-3] and δ is an arbitrary phase.
Placing the storage ring in the xy-plane at z = 0 the variation δC gw (t) can be defined by the contour integral
where the amplitude h 0 is equal to h 0 = ∆ 2 + + ∆ 2 × . For the calculation of the contour integral (2) we have set x = (C 0 /2π) cos ϕ and y = (C 0 /2π) sin ϕ and integrated over ϕ in the limits 0 ≤ ϕ ≤ 2π.
The second order contribution of the gravitational wave to the variation of the machine circumference, δC gw (t) ∼ O(h 2 0 ), is rather clear. In fact, the mass quadrupole moment of the storage ring, located in the xy-plane at z = 0, has only two equal components D xx = D yy = D. Due to this the interaction of this mass quadrupole moment with gravitational waves is proportional to D (h xx + h yy ), which is zero by definition for gravitational waves h xx = −h yy [1] [2] [3] .
The change of the storage ring of the machine circumference ∆C gw induced by the gravitational waves (1) for the time interval ∆t = t 2 − t 1 is equal to
In the low-frequency limit corresponding to the gravitational-wave background the relation (3) can be transcribed into the form of the rate
Since the experimental rate of the machine circumference is equal to
a comparison of theoretical and experimental rates leads to the relation
The experimentally observed shrinkage of the circumference of the storage ring [9] imposes the constrain on the phase of the gravitational wave, i.e. − sin 2δ > 0. For further estimates we set | sin 2δ| ∼ 1. Then, since h 0 ≪ 1, we get the lower limit on the frequency
This corresponds to an oscillation period T ≪ 3 × 10 −3 Gyr, which is smaller compared with the age of the Universe T ≃ 15 Gyr [10] . Since the oscillation period exceeds greatly any reasonable interval of experimental measurements, the rate of the machine circumference, induced by the cosmic gravitational-wave background, is constant in time during any period of observation.
We can also give the lower limit on the amplitude h 0 of the gravitational-wave background. According to the experimental data by Takao and Shimada [9] the oscillation period of the rate of the machine circumference (5) should be much greater than 5 years, T ≫ 5 yr. This gives ω ≪ 1 yr −1 and h 0 ≫ 10 −3 . Our result obtained above should be understood as a hint that experimental analysis of fine variations of storage rings can, in principle, contain an information about the cosmic gravitational-wave background. Of course, a more detailed investigation of these variations, including the Fourier analysis of the spectrum of the low-frequency gravitational waves, is required. The obtained result should be applicable to the investigation of storage ring variations of any accelerator, for example, the Large Electron Positron Collider (LEP) at CERN [7] and others.
